The complex etiology of suicidal behavior has frequently been investigated in relation to monoaminergic neurotransmission, but other neurosystems have shown alterations as well, involving excitatory glutamatergic and inhibitory g-aminobutyric acid (GABA) molecular components, together with the modulating polyamines. Sufficiently powered and family-based association studies of glutamatergic and GABAergic genes with suicidal behavior are nonexistent, but several studies have been reported for polyamines. We therefore conducted, for the first time ever, an extensive family-based study of 113 candidate singlenucleotide polymorphisms (SNPs) located in 24 glutamatergic and GABA genes, in addition to interrelated polyaminergic genes, on the outcome of severe suicide attempts (SAs). The family-based analysis (n ¼ 660 trios) was supplemented with gene--environment interaction (G Â E), case--control (n ¼ 519 controls) and subgroup analyses. The main observations were the previously unreported association and linkage of SNPs rs2268115 and rs220557 in GRIN2B, as well as of SNPs rs1049500 and rs2302614 in ODC1 (Po10 À2 ). Furthermore, GRIN2B haplotypic associations were observed, in particular with a four-SNP AGGC haplotype (rs1805247--rs1806201--rs1805482--rs2268115; Po10 À5 ), and a third SNP rs7559979 in ODC1 showed G Â E with serious childhood/adolescent physical assault (Po10
INTRODUCTION
The etiology of suicidality is complex, involving multiple genetic and environmental influences throughout life, as well as their interactions in between, as conceptualized in a stress--vulnerability model. 1, 2 Suicidality is a heterogeneous phenomenon, co-occurring with multiple psychiatric diagnoses and conditions. Furthermore, the suicidal process encompasses a spectrum of suicidality ranging from suicidal ideation, suicide attempt (SA) behaviors of various characteristics, to the most severe behavioral outcome of completed suicides. 2--4 The heritability of suicidality has been observed to be in the range of 30--55% on the genome-wide level by using twin studies, 5 but the possible contributions of specific genes and their different allelic variants is still in the process of ongoing study. 3, 6, 7 Most attention has historically been focused on selected genetic variants in serotonergic genes, but a polygenetic perspective on suicidality is also further being pursued by the study of novel candidate genes in other neurosystems. 1,3,6--8 Novel candidate genes of particular interest for suicidal behavior can be suggested by genome-wide association studies or by physically measured intermediate phenotypes. 9 In addition to genetic factors, environmental factors are of established importance in the suicidal process; for example, the exposure to sexual and physical traumas during childhood/adolescence. 10 Such exposures may be of particular relevance for suicidality and suicide-related psychopathologies among subjects with certain genetic variants in stressresponsive genes, through gene--environment interactions (G Â E) with stressful life events (SLEs) as typified by the serotonin transporter. 11 In addition to the monoaminergic neurotransmitters, alterations in other types of brain synaptic neurotransmission processes are indicated, for example, the widely engaged excitatory glutamatergic system. Glutamate receptors are divided into two types, metabotropic and ionotropic, with the latter subdivided into N-methyl-D-aspartate (NMDA) and non-NMDA receptors (NMDARs and non-NMDARs). The classical paradigm has assigned a special role to the ionotropic NMDARs in long-term changes of synaptic plasticity, 12 that is, memory and learning, and subsequent cognitive and affective pathology. Altered function of the glutamatergic system is suggested in the etiologies of alcohol misuse and dependency, 13 depressive and anxiety disorders 14--16 and psychotic schizophrenia/bipolar disorders, 17 which are all commonly (but not only) found in suicidality. Interestingly, intermediate phenotypes of completed suicides have been shown as alterations in gene expression and binding of non-NMDARs post-mortem in the frontal cortex 22 and zinc had reduced potency to inhibit NMDARs in the post-mortem hippocampus from suicide victims. 23 Increased expression of NMDAR agonist quinolinic acid in the anterior cingulate cortex was observed post-mortem in the brains of depressed suicide completers. 24 Furthermore, the NMDAR antagonist ketamine was shown to rapidly alleviate suicide ideation in subjects with treatment-resistant major depressive disorder. 25 Other neurosystems interrelated with glutamate have also been shown to be altered in suicidal behaviors. These include the major inhibitory g-aminobutyric acid (GABA)-ergic system, either with reference to benzodiazepine binding attributed to the GABA-A receptor 26--28 or as directly for the GABA-A receptor and other GABAergic genes. 18,29--33 Furthermore, the observations on polyamines in suicidal behavior 34--36 is of interest in relation to glutamate as well, as intracellular and extracellular polyamines exert direct modulatory functions on NMDARs and nonNMDARs, 37, 38 respectively, for example, subunit-specific modulatory mechanisms of GRIN2B-containing receptor complexes.
Sufficiently powered and family-based association studies of glutamatergic or GABAergic genes in relation to suicidal behaviors are nonexistent. Studies of two glutamatergic genes (GRIA3 and GRIK2) were in relation to treatment-emergent suicidal ideation. 39, 40 However, several studies have associated polyaminergic single-nucleotide polymorphisms (SNPs) explicitly with suicidal behaviors. 34,41--43 To gain better insight, we here conducted a family-based association study of 113 SNPs located across all NMDAR genes, as well as other candidate glutamatergic, GABAergic and polyaminergic neurosystem genes (Supplementary Tables S1 and S2) , testing three succeeding hypotheses: (1) direct, possible sexually dimorphic 44 association and inheritance of certain SNP-allele(s) with SA will point to specific candidate gene(s) of interest for further downstream analysis; (2) these candidate gene(s) will show augmented association by haplotypes; and (3) these candidate gene(s) will contain SNPs associating with SA through G Â E(s) involving exposure to physical assault (in childhood/adolescence or adulthood, or both) or lifetime, cumulative SLEs. In addition, we also wished to study covariates characterizing any genetic associations in SA subjects.
SUBJECTS AND METHODS
Research subjects and the SA main outcome Nuclear family trios (all complete with both biological parents and one SA offspring per trio; n ¼ 660) and a sample of unrelated, nonsuicidal healthy controls (n ¼ 519) were collected in the Ukraine in 2001--2006, as previously described. 45 Various aspects of the sample recruitment, selection criteria, demographics, ancestry and International Classification of Diseases--10th edition (ICD-10) psychiatric diagnoses have been described previously. 45--48 Of the offspring, 100% (n ¼ 660) were recruited from emergency care because of a severe SA as defined by a score of X2 on the Medical Damage Rating Scale as previously described, 45--48 and this SA being well ascertained for each trio offspring 45--48 represented the main outcome measure of the study. The SA offspring comprised 51.1% males (n ¼ 337) and 48.9% females (n ¼ 323), with mean ages of 24.6 (s.d. ± 7.3) and 23.8 (s.d. ± 7.1) years, and had X3 Ukrainian or Russian grandparents among 94.4% (n ¼ 318) and 93.2% (n ¼ 301) SA subjects, respectively. Unrelated, nonsuicidal controls (n ¼ 519) had no psychiatric diagnoses, as was previously described, 45--48 
Stressful life events
Environmental exposures were assessed as previously described. 46 Questions originally obtained from the Life Events section of the European Parasuicide Study Interview Schedule version 5.133 and the PTSD section K of the Composite International Diagnostic Interview (CIDI) v2.1.34 were used to compile a broad lifetime exposure SLE checklist, with the cumulative exposure to at least 5 out of any of 19 SLEs used as a dichotomous exposure variable (that is, median cutoff). 46 One of the questions from CIDI PTSD-trauma questionnaire concerning serious physical assault or attack (CIDI.22.7: 'Were you ever seriously physically attacked or assaulted?') was also used in G Â E analysis as previously described, 46 enabling additional analysis in relation to the age of exposure (that is, exposure under or over 18 years of age, hereby referred to as 'childhood/adolescent' or 'adulthood', respectively).
DNA purification, candidate SNP/gene selection and genotyping DNA was extracted as previously described. 45 We selected 120 SNPs in 24 glutamate, GABA and polyamine genes with hypothesized involvement in suicidal behavior-related psychopathology, with particular focus on GABRA1, all NMDAR subunits and major polyamine-metabolizing enzyme genes (Supplementary Table S1 ). Selection of SNPs was guided by their putative potential to exert functional effects (indicated by in silico prediction tools or their locations in gene flanks and exons), by their tagging potential (number of SNPs tagged) and/or by certain previous studies of these SNPs. Following SNP genotyping as previously described 47 by use of an Illumina (San Diego, CA, USA) BeadStation 500GX (GoldenGate Assay), quality control procedures were applied. A total of 113 SNPs (Supplementary Table S2) were available for analysis, fulfilling the criteria for Hardy--Weinberg equilibrium (P40.001 in healthy controls), minor allele frequency (MAF, 40.01), call rate (490%; median 99.9%, lower quartile 99.8%), absence of Mendelian inheritance errors, 100% intra-assay and an estimated 99.4% 1-year inter-assay reproducibility, respectively.
Statistical analyses
Data were stored and organized for analyses using FileMaker Pro (FileMaker, Claris Corporation, Santa Clara, CA, USA). Sporadic missing data were imputed using the software BEAGLE v3.3. 51 Family-based genetic analyses and association tests were performed using the software Haploview 52 v4.2, FBAT v2.0.3 (www.biostat.harvard.edu/~fbat/ default.html), software package GENASSOC 53 as implemented in Stata v9.2 (StataCorp, College Station, TX, USA), and PBAT v3.6 (www.biostat. harvard.edu/~clange/default.htm) as implemented in SNP & Variation Suite 7 (Golden Helix), used mainly as previously described. 45--48 Family-based G Â E analyses were conducted using the software fbat-i, 54 run in R-environment v2.13.1 (www.r-project.org) and software package GENASSOC, 53 both used as previously described. 46 Exploratory post-hoc GRIN2B, ODC1 and physical assault in suicide attempts M Sokolowski et al analysis using subgroups as covariates was done using the software package GENASSOC, 53 mainly as previously described, 55 using likelihood ratio tests to determine subgroup 'predominance' (nominal P LRT p0.05). Case--control confirmatory re-analyses were performed using logistic command in Stata v9.2 with one-tailed confidence intervals, adjusted for age, and G Â E interaction on the additive scale of measurement was done as previously described. 56 Haplotype phase was resolved using the software PHASE, 57 v.2.1. Analyses were conducted under an additive model of inheritance, unless otherwise stated.
Uncorrected (nominal), two-tailed P-values are shown. The false discovery rate (FDR) was investigated by calculating positive FDR analogs (Q-values) of P-values with software QVALUE (www.genomics.princeton.edu/storeylab/ qvalue/), 58 aiming at less than one false discovery among the top significant findings of the initial analysis (n ¼ 185 tests, referred to as 'screening' Qvalue). In addition, the study-wide FDR for a total of n ¼ 1394 statistical tests performed is also described. The exploratory analysis of subgroups as secondary outcomes was not included in the FDR analysis. Statistical power was calculated by using the software QUANTO v.1.2.4 (http://hydra.usc. edu/gxe/) 59 for analysis in the total sample. SNP odds ratios (ORs) with 80% power (using a ¼ 0.05, log-additive model, n ¼ 660 trios, population risk ¼ 0.01) were in the range between 1.25 and 2.25 (0.494MAF40.013), and G Â E ORs with 80% power (additionally using environmental exposure frequencies 18.3--51.6%, marginal environmental effects 0.46--1.94 and assuming no main genetic effect) were in the range between 1.65 and 2.60 (0.474MAF40.06), respectively.
RESULTS
Association and linkage of SNPs in the GRIN2B and ODC1 genes with SAs Family-based association analyses of 113 selected SNPs in 24 glutamate, GABA and polyamine genes (see Supplementary  Tables S1 and S2) were conducted in the whole sample (n ¼ 660 trios) on the main outcome of SAs, as well as in male and females separately for SNPs showing Po0.25 in the whole sample (185 analyses in total). Table 1 shows that the top five association signals had a screening FDR of Qo0.15 (that is, o1 false positive among them) in the trio sample. Some findings of potential interest in other genes were also observed at higher FDR thresholds (QX0.15; data not shown and see Discussion). We could rule out that associations had been induced by poor genotyping quality, sporadic missing data, population stratification or by the family-based design. The top five association signals (Table 1 ) thus mainly suggested two candidate genes of interest, that is, ODC1 (through SNPs rs1049500 and rs2302614; pairwise r 2 ¼ 1.00, Figure 1 ) and GRIN2B (through SNPs rs2268115 and rs220557; pairwise r 2 ¼ 0.18, Figure 1 ).
Association of a GRIN2B 'AGGC' risk haplotype with SAs All possible haplotypes of adjacent SNPs were first analyzed; that is, for GRIN2B all haplotypes between 2 and 11 adjacent SNPs in length ('sliding window' analysis). For GRIN2B, the top-significant results showed overtransmission for six haplotypes (all Po4.0 Â 10 À4 ) of 4--7 SNPs in length, all containing the minor risk C allele of SNP rs2268115. We then additionally tested all possible sub-haplotypes of these seven SNPs. Table 2 shows the top-significant four-SNP haplotype, 'AGGC' (P ¼ 8.4 Â 10
À6
). A similar analysis of all ODC1 sub-haplotypes did not reveal any similar benefit of haplotypes over single-SNP analysis (data not shown).
A G Â E between ODC1 SNP rs7559979 and childhood/adolescent physical assault on SA outcome An analysis of G Â Es did not reveal significance (that is, P G Â E o0.01) for the GRIN2B or ODC1 SNPs or AGGC haplotype, which had shown direct genetic associations (Tables 1 and 2 ). However, one significant G Â E was revealed between a third ODC1 SNP rs7559979 and childhood/adolescent physical assault (Figure 2c ; OR G Â E ¼ 2.32 (1.51; 3.56), P ¼ 9.6 Â 10
À5
; study-wide FDR Q ¼ 1.1 Â 10 À2 ). The G Â E was of lower magnitude with lifetime physical assault exposure (Figure 2b ; OR G Â E ¼ 1.51 (1.03; 2.21)) and was not observed with SLE-high or adulthood physical assault (Figures 2a and d) as marginal exposures, respectively. Furthermore, the G Â E with childhood/adolescent physical assault remained significant among individuals who were not co-exposed to adulthood physical assault or SLE-high (Figures 2e and f) , respectively. The G Â E was confirmed in a less powered case--control re-analysis, mainly when using a recessive coding (ageadjusted OR G Â E ¼ 3.11 (1.29; 7.55)). The case--control design also enabled statistical analysis on the additive (rather than multiplicative) interaction scale, further confirming the G Â E interaction (attributable proportion because of interaction, AP ¼ 0.63 (0.30; 0.96)).
Past year alcohol--drug use disorders and high anger characterized the associated SA subjects The post-hoc covariate analysis of nine subgroups showed that both GRIN2B rs2268115 and rs220557 SNP associations were predominant in past year alcohol--drug use disorders (P LRT p0.05), in addition to the use of violent SA method among females (P LRT p0.05), whereby the combined analysis is shown (Table 3) . Furthermore, a high anger subgroup showed maintained/enriched significances for rs2268115/rs220557, respectively (data not shown). For the GRIN2B AGGC haplotype, none of the subgroups were directly predominant per se; however, high anger showed Abbreviations: 95% CI, 95% confidence interval; f, analysis in subgroup of female SA offspring; FDR, false discovery rate; m, analysis in subgroup of male SA offspring; MAF, minor allele frequency (in the parents) of the investigated sample; mf, analysis in the total sample of male and female SA offspring combined; N, number of trios; OR, odds ratio; SA, suicide attempt; SNP, single-nucleotide polymorphism. Significant association and linkage of four (out of 113) SNPs, located in 2 (out of 24) investigated genes. The 95% confidence intervals refer to the number of transmissions (column 6), the OR of cases vs matched pseudocontrols (column 8) or the age-adjusted OR of logistic regression (column 10); the latter (column 10) refers to a confirmatory, post-hoc re-analysis of the family-based findings by using a less powered case--control design, comparing SA offspring with unrelated, healthy and nonsuicidal control subjects (n ¼ 519). Uncorrected, two-tailed P-values are shown, as well as the FDR Q-values in relation to 185 family-based tests (and in parenthesis in relation to the study-wide n ¼ 1394 tests).
GRIN2B, ODC1 and physical assault in suicide attempts M Sokolowski et al enriched significance (Table 3 , columns 3--5 vs 6--8), and a high anger subgroup delimited by further covariates showed predominance (P LRT p0.05; Table 3 , columns 9 and 10). For the ODC1 SNP rs1049500, high anger showed predominance in both male and female SAs (P LRT p0.05; Table 3 ), as well as predominance for the delimited high anger subgroup (P LRT ¼ 0.0027), thus not supporting the putative female sex specificity observed on SA outcome alone (Table 1) . For the ODC1 rs7559979 Â childhood/ adolescent physical assault G Â E, predominance of high anger was observed (P LRT p0.05; Table 3 ) as well. None of the other subgroups showed either predominance or enriched significance (data not shown).
DISCUSSION
Here we report the first ever observed association and linkage of multiple genetic variants (Tables 1 and 2 ) in glutamatergic GRIN2B and polyaminergic ODC1 genes on SAs. Furthermore, we also report for the first time that a SNP in ODC1 moderated the Case--control re-analysis was a confirmatory, post-hoc re-analysis of the family-based findings by using a less powered case--control design, with the ageadjusted OR of logistic regression. Uncorrected, two-tailed P-values are shown, as well as study-wide Q-values (n ¼ 1394 tests).
GRIN2B, ODC1 and physical assault in suicide attempts M Sokolowski et al association between childhood/adolescent physical assault and SAs ( Figure 2 ). Exploratory follow-up analyses indicated that all observed associated SA subjects shared the characteristic of high trait anger, and that GRIN2B SNP associations were also characterized by past year alcohol--drug use disorders and a violent SA method in females. Finally, we conclude that none of the initial SA associations (Table 1) were robustly specific for a certain sex after accounting for these covariates. In a broader perspective, GRIN2B and ODC1 functions might interact with and influence neurofunctions implicated in suicidal behaviors, 4 for example, the stressresponsive hypothalamic--pituitary--adrenal (HPA) axis.
7,46 Although we cannot make any causal interpretations from our data, one may envision, for example, that the altered NMDAR functioning observed in suicidality, 23--25 the role of NMDARs in HPA axis activation 60, 61 involving GRIN2B 62 and the HPA dysregulation commonly observed in suicidal behavior at the level of cortisol 3, 4, 7, 63 might be related to the associations reported herein.
The importance of GRIN2B gene integrity for human cognitive function was recently substantiated by the observation of deleterious de novo mutations in mental retardation. 64 Our results with GRIN2B SNPs and AGGC haplotype show congruence with previously reported associations concerning various suicidal behavior-related 4 neuropsychological measures. Carriers of the AA genotype of rs1805247 were shown to have reduction in the NMDA-related intracortical facilitation and long-term potentiation plasticity, 65 whereas carriers of the CC (or GG) genotype of rs1806201 have been shown to have altered cognitive functions, for example, less use of a win-stay strategy in the Iowa gambling test (increase in risky behaviors), 66 lowered orbitofrontal response inhibition by increased false-alarm rate (impaired impulse control and conflict processing) and reduced event-related potentials. 67 All these described GRIN2B SNP associations and their allelic directions are concordant with the GRIN2B AGGC risk haplotype observed herein, as the first, second and last SNPs (and alleles) included in the haplotype were rs1805247 (A), rs1806201 (G) and rs2268115 (C), respectively.
ODC1 encodes an anabolic rate-limiting enzyme of the polyamine biosynthesis pathway, catalyzing ornithine to putrescine, with putative consequences for modulation of glutamate receptors. 37, 38 The cellular polyamine stress response, in part connected to HPA activation, is marked by an increase in ODC activity. 68 Although we found no direct precedent in the literature concerning ODC1 SNP associations, two major modulators of ODC1 (that is, OAZ1 and OAZ2) were recently shown to have increased gene expression in multiple brain regions of completed suicides. 35 Interestingly, SNPs in the SAT1 gene encoding for a polyamine ratelimiting catabolic enzyme have shown associations with completed suicides, 42, 43 SAs 34 and altered SAT1 expression in suicide brains. 35,41--43,69 We could also observe associations of SAT1 SNPs, if considering a more liberal screening threshold of Qo0.25 (for example, at nominal P-value of p0.05; data not shown), that is, for rs3764885 (G-allele overtransmission; P ¼ 0.031) and rs6526342 (Callele overtransmission, in females P ¼ 0.033 and overall P ¼ 0.049). Thus, the previously reported SAT1 rs6526342 C-allele associations in completed suicides 42, 43 was here confirmed for the first time ever in SAs as well. Although SAT1 rs6526342 was demonstrated to affect transcription, 42, 43 we have no corresponding molecular-level data for our associated SNPs, but it is noteworthy that three SNPs in the GRIN2B AGGC haplotype are exonic (rs1805247, rs1805482 and rs1806201) and for ODC1, rs1049500 is exonic and rs2302614 maps to the 5 0 -untranslated region. At the liberal Qo0.25 FDR level, we however also observed overtransmission of alleles in the glutamate transporter SLC6A1 (C-allele of rs1728818), GRIN3A (Aallele of rs10989591), GRIN2D in overall (C-allele of rs276717) and females (C-allele of rs220557), GABRG1 in females (T-allele of rs12374299 and G-allele of rs1497567) and GABRA1 in males (Aallele of rs4428455) and females (A-allele of rs13156895), respectively. Although 25% of the findings at this level are statistical false discoveries according to FDR, the results might still suggest the importance of SNPs in additional glutamatergic and GABAergic signaling genes for suicidality, perhaps reflecting previously demonstrated gene expression alterations, 18,29--33 hypotheses that remain to be tested further.
Our characterization of the GRIN2B and ODC1 associations by subgroups (Table 3) suggested high trait anger, past year alcohol--drug use disorders and/or use of violent SA method (in females) as predominant, in contrast to depression, anxiety or psychosis diagnoses. A scale originally designed to predict violent acts 50 did not characterize our genetic SA associations as well as trait anger scale, despite overall interscale correlation among all SAs (r 2 ¼ 0.44, Po0.001). Neither did concurrent depressive symptoms (BDI) explain the genetic SA associations, despite overall interscale correlation (with anger r 2 ¼ 0.19, Po0.001). Although we cannot exclude some nonnegligible background role of these two selfreport measures in high anger, diagnoses of depression, anxiety or psychosis were not related to high anger (interscale correlations with anger r 2 o0.1, P40.05). Trait anger has been described by, for example, attention biases toward hostile stimuli, negative reasoning, rumination 70 as well as by amygdala--orbitofrontal functional childhood/adolescent physical assault (PA-U18) as exposure (n ¼ 121 exposed), (d) adulthood physical assault (PA-O18) as exposure (n ¼ 121 exposed), (e) PA-U18 among not PA-O18 exposed, as exposure (n ¼ 73, 60% of PA-U18 exposed), and (f ) PA-U18 among not SLE-high exposed, as exposure (n ¼ 21, 17% of PA-U18 exposed), respectively. Black squares (') depict the ratio of minor G-alleles vs major A-alleles transmitted (that is, minor allele transmission ratio), whereas black ovals (K) depict transmission ratio of major A-alleles vs minor G-alleles transmitted (that is, major allele transmission ratio) in each exposure-stratum, respectively. Error bars represent the standard errors of the ratios. G Â E nominal P-values: *Po0.05; **Po0.01; ***Po0.001.
GRIN2B, ODC1 and physical assault in suicide attempts M Sokolowski et al connectivity, 71 and has been observed in a range of depression and anxiety diagnoses but is not classified as a main factor of any diagnosis (that is, 'transdiagnostic'), 70 representing one possible explanation for the lack of predominance of either depression or anxiety diagnosis categories. Our negative result for psychotic diagnoses might be because of relatively low statistical power. Impulsive aggression/anger coupled with serotonergic hypofunction is a long-known feature of suicidal behaviors, 4, 72 being further interrelated with alcohol--drug use disorders and NMDAR function. 73, 74 It is interesting that past year (but not SA-concomitant) alcohol--drug use disorders were implicated herein for GRIN2B SNPs, as this gene was recently attributed a key role for ethanol action in the HPA axis regulatory bed nucleus of the stria terminalis of mice. 75 Furthermore, our ODC1 G Â E showed SLE-type specificity for childhood/adolescent physical assault rather than other SLEtype lifetime exposures (Figure 2) , perhaps reflecting the importance of particular childhood traumas for suicidality marked by impulsive anger/aggression. 4, 10, 72 In comparison, G Â Es involving childhood physical abuse in particular and anger/aggression have been reported for HPA genes FKPB5 and CRHR1. 46, 76 We finally note that the physical assault measure used by us is a single-item trauma question from the CIDI diagnosis PTSD section, differing from the more commonly used physical abuse/neglect multi-item scores of the childhood trauma questionnaire. In summary, it seems plausible that both the GRIN2B and ODC1 associations might reflect a similar pattern of SAs characterized by high anger and/or alcohol--drug use disorders, together with other interrelated aspects thereof.
Estimation from the case--control data 77 of attributable fractions allowed theoretical quantification of the putative impact of the ODC1 G Â E on SAs in the general population. Exposure to childhood/adolescent physical assault as sole risk factor (that is, among the 86% nonrisk AG/AA carriers) was estimated to occur in 8.9% of the general population, with a main effect on SA risk (OR ¼ 1.7, Po0.01), attributing for 5.9% of population SA cases. Joint risk exposure to GG genotype and childhood/adolescent physical assault was estimated to occur only among 1.5% of the general population (OR ¼ 2.8, Po0.01), but nevertheless attributed for 2.6% of population SA cases because of the G Â E. Furthermore, the 12.5% GG carriers unexposed to childhood/ adolescent physical assault tended toward a lowered SA risk (OR ¼ 0.7, P ¼ 0.06), attributing for À3.7% of population SA cases. This indicates a putative future potential for G Â Es in, for example, guiding the allocation of preventive resources against childhood/ adolescent physical assault and/or to subjects with increased genetic risk.
The association results reported herein suggest, for the first time ever, a putative involvement of specific GRIN2B and ODC1 genetic variants in the suicidal process, in part by G Â E with childhood/adolescent physical assault. Future use of prospective and experimental--functional approaches, involving detailed phenotyping and genotyping of subjects, might reveal neurobiological mechanisms involving GRIN2B and ODC1 in the underlying psychopathology of suicidal behaviors, with novel opportunities for improvement of prevention and intervention in clinical and population-wide settings. Abbreviations: 95% CI, 95% confidence interval; E+ and EÀ, G Â E analysis among those exposed vs not exposed, respectively, to serious childhood/adolescent physical assault at p18 years of age; f, analysis in subgroup of female SA offspring; High anger; Trait Anger Scale (TAS) score of X20; LRT, likelihood ratio test; m, analysis in subgroup of male SA offspring; m&f, analysis in the total sample of male and female SA offspring combined; N, number of trios within the indicated subgroup(s); OR, odds ratio; Past year alcohol/drug, past year dependence/harmful use of alcohol or substance dependency disorders; SA, suicide attempt; Violent SA method, SA by using a violent method (for example, hanging, drowning, shooting, jumping or crashing). G Â E ORs between exposed vs not exposed, respectively, to childhood/adolescent physical assault, for high and low anger subjects.
e Ratio of G Â E ORs between subgroups of high and low anger, that is, three-way interaction OR in the full model. The most predominant subgroups observed (column 2) for the associations among all SAs (column 1), with results shown for SA subjects within the subgroup (columns 3--5), for SA subjects not in the subgroup (columns 6--8), and for the difference in between these two types of SA subjects (columns 9 and 10), respectively. A total of 9 subgroups were explored (see Materials and methods) for the original G and gene--environment interaction (G Â E) associations of the main outcome SA (that is, see Tables 1 and 2 , Figure 2 and text). Uncorrected, two-tailed representing the transmission distortion P-values are shown, in addition to the LRT P-values.
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